A new surface modification method fibrillation combined with oxygen plasma treatment to improve the wettability and hydrophily of PBO fiber was studied in this paper. The surface chemical structure and morphology of PBO fiber were characterized by the methods of FTIR, XPS and SEM. The wettability and hydrophlic characters changes on the surface were evaluated by the dynamic contact angle system and image analysis. The results show that the increase surface roughness by fibrillation could improve the wettability. Fibrillation combined oxygen plasma treatment has a better effect than oxygen plasma treatment to improve the wettability and hdyrophlization of PBO fiber. The specific area of PBO fiber increased to 10.7 m 2 /g from 0.7 m 2 /g, contact angle decreased to 43.2º from 84.4º and WRV increased to 208.4% from 13.7%. The modified fibers have a good dispersion in water for hydrophilization improvement.
Introduction
Poly-paraphenylene benzobisoxazole (PBO) fiber is one of aromatic heterocyclic ring polymeric fibers which exhibits excellent mechanical properties companied by equally impressive thermal properties 1-8. Due to its excellent thermal stability, excellent strength and high wear resistance. PBO fiber provides great potential applications in functional composite materials. PBO fiber can be also used for papermaking engineering, friction materials and sealing materials. Because of the chemically inert surface of the fiber, several surface modification methods were proposed for PBO fibers, including chemical treatment, plasma treatment, electrolytic oxidation, and coupling agents 9-13. In these modification methods, plasma treatment, especially oxygen plasma treatment shows a better effect 14. Because of poor wettability and hydrophlic characters, PBO fiber could not disperse homogeneous in water. It restricts PBO fibers applying in papermaking engineering, friction materials and other fields. However, the improvement of surface wettability and hydrophily properties of PBO fibers has been rarely reported in the literature. In this paper, we present a new treatment FCOP (fibrillation combined oxygen plasma) to improve the wettability and hydrophlic properties.
Material and methods

Materials
PBO fiber: Zylon AS type, purchased from Toyobo Ltd. Co., Japan. The fibers were cleaned with ethanol and distilled water respectively and then dried in a vacuum oven at 100℃ for 12h.
Fibrillation of the fibers
The dried fibers were treated with different consistence KMnO 4 /H 2 SO 4 for 3 minute. Then washed fibers with distilled water and dried in a vacuum oven at 100℃ for 12h.The pretreated fibers were fibrillated by vibrating ball mil with different treatment time 15.
Oxygen plasma treatment
The original PBO fibers and fibrillated fibers were treated by plasma in the atmosphere of Oxygen. The oxygen plasma treatment was operated at chamber pressure 1.50±0.05 mbar for 3min, which the plasma resonance frequency was 30MHz, the reactor power was 30W, and the gas flow was 4.5 mL/min. The treating temperature was under 25°C.
Fiber Characteization
Chemical Strructure and Surface elemental Composition Analysis
The surface chemical structure was analyzed by the method of Fourier transform infrared spectroscope (FTIR) and the surface elemental composition analysis was detested by the method of X-ray photoelectron spectroscopy (XPS).
Surface morphology of the fibers
The changes of the PBO fiber after etching were observed by light microscope and scanning electron microscope. The thin conducting layer of gold were vacuum-sputtered onto the surface of the treated fibers, and the samples were observed with scanning electron microscope (SEM, LEO 1530VP，Germany).
Wettability of the fibers
The contact angles between fiber and water were measured by the dynamic contact angle analysis system (Data physics，OCA20, Germany).
Water retention values of PBO fibers were studied to evaluate wettability of fibers. The experiment was carried out according to the ASTM D-570 method.
where Mw and Mc stand for the wet weight and the conditioned weight of fiber specimens, respectively.
Specific surface
Specific surface area estimates were obtained using Nitrogen as gas adsorbent and the BET model with Nova-1000.
Dispersion character
The dispersion character of PBO fibers in water was characterized by image analysis. Put 10g fibers to the 1000g water in a beaker, agitation for 1min. Then record the dispersion status by digital camera to analyze the fiber dispersion character after 20 seconds.
Results and discussion
Pretreatment of PBO fiber PBO fiber is a typical skin-core model fiber. The core of the fiber is made of elementary fiber with high oriented and crystallized microfibrils. Etching solution--KMnO 4 /H 2 SO 4 was used to damage the shin of the PBO fiber surface. The morphology of PBO fibers etched by the solutions with different consistency for 3min was shown in Fig.1 . Figure 1 . Morphology of PBO fibers after echting.
From Fig.1 , it can be seen that the surface of PBO fiber was smooth after the 0.2g/L etching solution treatment. When the etching solution consistency increased to 0.5g/L, cracks appeared on the fiber surface and the mircrofibrils exposed on the surface of the fiber. At the same time the fiber diameter was increased as fiber swelled. When the consistency got to 1.0g/L, the void-free region was break off and more mircrofibrils were exposed (as seen in Fig.2 ). The surface roughness was greatly increased. However, the fiber was serious destroyed at the 1.5g/L consistency of etching solution. At this time microfibrils were disappeared again and the fiber diameter became thin. So the optional pretreatment consistency for etching was 1.0g/L. 
Fibrillation
The pretreated fibers were fibrillated with vibrating ball mill. Properties of the fibrillated fiber at different time were listed in Table 1 . It can be seen from the Table. 1 that the properties of the fibrillated fibers at different treatment time had great distinction. The sepecail surface area, contact angle and WRV were increased with treatment time increase. When treatment time at 20min, the specific surface area was 9.7 m 2 /g，and which was more than 13 times of the original fiber. The surface roughness was increased greatly. The contact angle decreased from84.4º to 55.4 º and the WRV increased from 13.7% to 178.4%. It indicated that the surface roughness increase could improve the wettability of the PBO fibers. The morphology (SEM) of fibrillated fiber at 20min treatment time were shown in Fig.3 . The mricrofibrls and branched fibers were clearly seen on the surface of the fiber with fibrillation treatment. The FTIR spectrum of fibrillated fiber and original fiber were shown in Fig.4 . 500 4000 
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From the Fig.4 , it was shown that the two FTIR curves were almost the same, and which could be deduced that the fibrillation only destroyed the amorphous region of the fiber and not change the chemical structure of the fiber. The results of XPS analysis of PBO fibers after FCOP treatment were shown in Table 2 . From Table 2 , it can be seen that the oxygen composition on the surface of the fiber increased to 22.6% from 15.3% (original fiber) after oxygen plasma treatment and the oxygen-to-carbon (O/C) ratio also increased to 31% from 20%. Compared with the fiber of oxygen plasma treated fiber and FCOP treated fiber, the oxygen elemental of the later was almost 5 percent higher than the former and the O/C ratio was also increased 13 percent. The fibrillated fiber had a lot of mircofibrils, branched fibers and big specific surface area. So it increased the chance to react with the oxygen plasma during the treatment. The XPS results indicated that the oxygen plasma treatment process introduced polar groups to the fiber surface.
Fibrillation combined oxygen plasma treatment
The properties of treated fiber were shown in Table 3 . The specific surface area of FCOP treated fiber was much higher than that of the PBO fiber. The contact angle with water of the FCOP treated fiber decreased to 43.2 º from 84.4 º(original fiber). And the WRV increased to 204.8%. It showed that the wettability of the fiber improved. The improvement of wettability also proved that the polar groups were increased to the PBO surface by the oxygen plasma treatment from the results. This was in accordance with the results of XPS analysis. Compared the fibrillated fiber, oxygen plasma treated fiber and the combined treated fiber, the combined treated fiber had a bigger WRV and a lower contact angle with water. It showed that fibrillation combined oxygen plasma treatment had much better modified effect than the oxygen plasma treatment. Because of bigger surface area on the fibrillated fiber surface, the reaction chance with oxygen plasma was greatly increased than untreated fiber. So the synergetic treated was effective method to improve the surface property of PBO fibers.
Dispersion character
The dispersion image of PBO fibers in water with different treatment were shown in Fig.5. A. Fibrillated fiber B. Oxygen plasma treated fiber C. FCOP treated fiber It was shown in Fig.5 that the dispersion of the fibrillated fiber (Fig.5-A) was very bad and the fiber flocculated fastly. The dispersion of the oxygen plasma treated fiber (Fig.5-B) was much better than that of fibrillated fiber in uniformity. But the fiber flocculation was also found in this system. The dispersion image of FCOP treated fiber (Fig.5-C) had a good uniformity and stability. The improvement of dispersion characters in water was caused by the increase of hydrophilic properties of PBO fiber after FCOP treatment.
Conclusions
The pretreatment of treatment of KMnO 4 /H 2 SO 4 solution and fibrillation can increase the roughness rather than introduce active functional groups on the surface of PBO fiber. Surface roughness increase could improve the wettability of the PBO fiber. Fibrillation combined oxygen plasma treatment was an effective method to modify the surface of PBO fiber. The specific area increased to10.7 m 2 /g from 0.7 m 2 /g, contact angle decreased to 43.2º from 84.4º , WRV increased to 208.4% from 13.7% . The FCOP treated fiber had a good uniformity and stability in water.
